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Regional Climate Centers:
New Institutions for
Climate Services and
Climate-Impact Research
Abstract
In response to the need to improve climate services at the local,

state, and regional levels, a national network of regional climate
centers has developed. This paper provides the background to this

development, and outlines the functions of the centers and identifies their benefits and beneficiaries. The centers are a source of

climate expertise and maintain multifaceted interfaces with the

public and private sectors. Each center a) performs services, in-

cluding the management of the basic data for its region and the

delivery of specialized products; b) conducts applied climate stud-

ies, including the monitoring of anomalous conditions and the

promoting of regional research; and c) acquires and maintains

specialized regional datasets. Examples are given for each func-

tion. The paper concludes by elaborating on the potential for focused, applied research to enhance the services provided by the
regional centers. This includes reference to the current irrigation

scheduling information service operated by the High Plains Regional Climate Center.

1. Introduction
The National Climate Program (NCP) was established
by Act of Congress PL95-367 in September 1978 to
"assist the Nation and the world to understand and
respond to natural and man-induced climate processes and their implications" (section 3). The act
indicated that the N C P was to focus on three major
activities ( N O A A 1980, p. E-4):
1) climate impact assessment—an effort seeking to
identify "procedures to evaluate climate's effects on
society, the economy, and the environment, in order
to develop responses and strategies for dealing with
climate fluctuations";
2) climate system research—attempts to "increase
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the knowledge of global and regional climate and its
variation" by means of a range of empirical studies
and analyses of the climate record, the development
of climate simulation and prediction models, and the
investigation of the climate system processes; and
3) data,

information,

and

services—efforts

de-

signed to "provide accurate and timely data and information products," and to be "responsive to
Government and private sector needs" for climate
information.
This major policy statement relating to climate and
its dimensions resulted from growing concern over
the consequences of climate fluctuations, coupled with
an awareness that key issues relating to climate were
being inadequately addressed in the United States
( N O A A 1980, p. E-1).

The rationale for regional climate centers (RCC),
which provide a mixture of services and applied research addressing key climate issues (particularly impacts), is rooted in two of the three major components
of the NCP.
First, the testimony of witnesses helping to define
the need for the N C P revealed a major problem in
the nation's climate services system—particularly the
delivery and use of climate data and information
(Committee on Science and Technology 1976, 1977).
Even in an age that is becoming increasingly attuned
to the use of information, there were obvious benefits
not being achieved, including those to the nation's
economy and those related to environmental management, because of the lack of use of climate data
and information. This lack of use was attributed to
many factors, including:

1) the inability of decision makers to understand
and wisely use climate data;
2) the slowness with which climate data and information were delivered;
3) the poor quality of much climate data;
4) an inability to obtain certain desired types of
climate data on the space scale needed; and
5) the inability to access available datasets held by
the private sector, states, regional and some federal
entities.
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These

usage problems persisted for several years
after the enactment of the NCP. T h e infrastructure of
federal and state entities in the national climate-services system—including (a) data collection, (b) data
transmission, (c) data quality control, (d) data archival, and (e) data and information dissemination—was
unable to accomplish the desired task of improved
services. Some innovative concepts and new efforts
were needed.

A second major component of the N C P (climate
impact assessment) stemmed from a recognition that
the nation had too little understanding of how climate
affected society and the environment. Applied studies
had been insufficient to define adequately the link
between climate and other physical systems (hydrology, agriculture, ecosystems, etc.), and did not trace
these physical impacts into the socioeconomic structure of our society. As noted in legislation (U.S. Congress 1978), the nation needs to better understand
these wide-ranging impacts in order to make the policy decisions that minimize (maximize) the adverse
(beneficial) consequences of climate fluctuations.
Since climate, by its nature, tends to assume "regional dimensions" (climate problems seldom assume state or national dimensions), many studies of
climatic impacts need to be performed on a regional
basis. The recent droughts, centered in the Southeast
and Midwest, along with the preceding wet periods
leading to record high levels of the Great Lakes and
the Great Salt Lake, are typical illustrations of regional-scale climate phenomena common in the
United States. Furthermore, the need for information
on such climate fluctuations by agribusiness, waterresources managers, and the transportation and energy industries also tends to occur on regional rather
than state or national levels. Many federal agencies
have regional responsibilities (TVA, Bonneville Power,
Forest Service, Bureau of Land Management, Bureau
of Reclamation, Park Service, etc.), and maintain regional offices. After the enactment of the NCP, some
new research was initiated in the climate-impacts area,
but, in general, progress has been slow. It has been
particularly limited by the lack of research teams having the necessary interdisciplinary and regional orientations, and the absence of traditional funding
sources for the applied research involved.
This previous inability to enhance national efforts
desired in these two major components of the N C P
led to a new institutional concept: regional climate
centers. These centers, now established nationwide,
were seen to provide a new means to address the
national needs for enhanced climate services, and
simultaneously to stimulate the climate-impact-assessment efforts. They were conceived as flexible and
innovative institutions to advance the nation in the
above respects.
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2. Background
Agricultural scientists and climatologists who were
members of two regional agricultural committees (one
for the 12 north-central states, and the other for the
12 northeastern states) independently conceived the
initial regional-climate-center concept during 198082. Both of the resulting centers were designed to be
"demonstration projects" to test their feasibility as
part of the national climate-services system, but with
differing dimensions.
The North Central Regional Climate Center (NCRCC)
was planned as part of an envisioned effort to enhance state climate programs in the Midwest. A 4-yr
project was approved by personnel of the agricultural
experiment stations at the 12 midwestern land-grant
universities and forwarded to the National Climate
Program Office ( N C P O ) for consideration (NC-94
Technical Committee 1980). This demonstration regional climate center was funded and housed for four
years at the Illinois State Water Survey in Champaign,
Illinois. With limited federal and State of Illinois funds,
the center (a) provided climate expertise; (b) conducted and coordinated regional applied research relating to climate anomalies; (c) surveyed user needs;
and (d) acted as a communication interface between
federal agencies and state entities interested in climate data and information (Wendland et al. 1987).
The desired funding to enhance the 12 state climatologist offices never materialized; hence, the full test
of the envisioned climate-services demonstration
project was not made.
The Northeast Regional Climate Center was established by climatologists at Cornell University in 1983.
It sought to deliver climate data products to the states
in the region at a faster rate than had occurred previously. Several states in this region did not have active state climatologist programs; hence the data
availability and delivery functions of this center were
focused on improving this portion of the national climate-services system (Dethier 1988).
W h i l e these centers were under test during 198186, the N C P O provided funds to the University of
Nebraska-Lincoln to develop a rather specialized climate-information-delivery system. It consisted of a
network of automatic weather stations in and around
Nebraska, established initially to support irrigation
scheduling, and later extended to other uses, including soil-moisture modeling and monitoring (Hubbard
et al. 1983; Hubbard and Wilhite 1987). A key product of this system is daily updated information on soilmoisture conditions, allowing farmers in the High
Plains to schedule irrigation applications more efficiently. This interesting prototype system is fully described later in this paper.
By 1986, the value of these funding-limited, small-
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scale, demonstration efforts had become apparent to
many private and public-sector users in their regions.
Annual funding available from the N C P O for these
activities remained limited, totaling about $200 000.
Growing state and regional interest in the actual
and potential functions of these regional-center endeavors was noted by several members of Congress.
As a result, Congress added funds to the N O A A Fiscal
year 1986 (FY86) budget to initiate the Western Regional Climate Center ( W R C C ) at the Desert Research
Institute in Reno, Nevada. Congress subsequently
added about $1 million to N O A A ' s FY87 budget to
provide funding to establish two new centers—the
Midwestern Climate Center (MCC) at the Illinois State
Water Survey, and the High Plains Regional Climate
Center (HPRCC) at the University of Nebraska-Lincoln—and to maintain the W R C C . Growing evidence of the merits of regional centers led Congress
to provide a similar level of funding for FY88 for these
three centers plus a fourth, the Northeast Regional
Climate Center (NRCC), which was established as a
joint endeavor of Cornell University and the University of Connecticut at Storrs. This situation was further
sustained in FY89, when Congress continued to fund
the four existing centers and established a fifth, the
Southeastern Regional Climate Center (SRCC), at the
South Carolina Water Resources Commission in Columbia. As a result, regional climate centers now ex-
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ist in the Northeast, Southeast, Midwest, High Plains,
and the West, as shown in Figure 1. Plans were developed to initiate a sixth regional climate center in
the South during FY90. It was established in early
1990, and these six regional climate centers now
constitute a network that provides services to the public and private sectors throughout the entire 48 contiguous states. Plans to incorporate Alaska and Hawaii
into the program are underway.
At the time of this document's preparation, it was
planned to shift the N O A A management of the RCC
program from N C P O to the National Weather Service.

3. Benefits and beneficiaries of
regional climate centers
The limited operation of the two demonstration regional centers in the Midwest and Northeast during
1981-86, coupled with the initial years of operations
of the first five second-generation regional centers,
have provided evidence of benefits and identified the
major beneficiaries. The beneficiaries vary greatly,
depending on the climate and economy of a region,
but in all areas they include the climate-sensitive private sector. The agricultural, energy, transportation,
construction, and tourist industries are primary beneficiaries, as are commercial firms providing value-

FIG. 1. RCC orientation map. Stars locate the named centers, with heavy lines enclosing the regions for which they have the
responsibility for maintaining the basic climate datasets. The hatched states also receive specialized services from other RCCs.
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added climate information to clients. Their businesses purchase data, secure climate information from
the near-real-time delivery systems operated by some
centers, and have supported regional climate workshops and impact studies.
A second major area of beneficiaries and benefits
relates to state government. Most states have a "state
climatologist" who performs climate services. However, the amount of state support for any given climatologist varies greatly, and the RCCs attempt to
reduce disparities among state programs. The regional centers provide data, information, and expertise to these state climatologist offices, and, in some
cases, interact with a variety of state agencies, typically those involved in water resources design and
management, environmental protection, conservation, and agriculture. The state climatologists, in turn,
assist the RCCs by providing information and assistance. The services of RCCs are currently largely confined to the provision of climate data and information;
however, in certain cases, applied-research studies
conducted at the regional centers have been directed
to regional problems that are specific to concerns of
state governments. This subject is discussed further
below.
A third major beneficiary is the federal government. With their expertise and knowledge of local,
state, and regional problems relating to climate, the
RCCs perform a variety of major functions for federal
agencies, particularly the N C P O and other N O A A
entities such as the Climate Analysis Center (CAC)
and the National Climatic Data Center (NCDC). The
regional centers provide specific assistance to N O A A
by
1) disseminating climate information generated by
themselves and N O A A ;
2) working directly with regional and state users;
3) monitoring severe regional climate anomalies
and serving as a focal point for information;
4) working with existing regional entities of the
National Weather Service ( N W S ) ;
5) furnishing data from special networks to C A C
and N C D C ; and
6) performing studies of weather and climate impacts.

The Department of Agriculture, Department of Energy, Corps of Engineers (COE), and Environmental
Protection Agency now benefit similarly from the expertise and studies of the centers. They, in particular,
serve as key data-information "linkages" between the
federal entities typically housed in the Washington,
D.C., area and state government entities. They also
assist the federal agencies which maintain offices in
the states. For example, the state or regional offices
of the Bureau of Land Management, Forest Service,
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Soil Conservation Service, C O E , and the Geological
Survey are among the users of the RCC services listed
above.
A fourth major beneficiary of the RCCs are the nation's citizens with special interests in weather and
climate. The outreach education and extension activities of the centers are designed to enhance the general public's understanding of climate in the region.
This is being done through news stories, publications,
and the distribution of climate information to news
media and the Cooperative Extension Services.

4. Functions of RCCs
The operations of the experimental centers during
1981-86 yielded necessary information about the
functions that centers could and should provide. As
previously implied, these functions in general address
two of the three major components of the NCP: 1)
the data, information, and services component, and
2) the climate-impact-assessment component. As
such, the centers form a new and useful part of the
national climate-services effort.
Because the RCCs are, by design, located in different physiographic, economic, and climatic regions
of the United States, their functions must vary somewhat to match regional needs. These functions have
been identified through discussions that have involved both RCC leaders and officials from N C P O ,
CAC, and N C D C , which are the N O A A entities that
interface most with the RCCs.
O n e set of functions is common to all RCCS. It
involves services that include providing a management system for the basic data for all states in the
region; applied climate studies, including the monitoring of anomalous conditions and the fostering and
promoting of regional research; and the acquisition,
development, and maintenance of specialized climate datasets for the region. The remaining functions
are those only performed at certain centers to meet
specific regional needs. For example, the M C C and
H P R C C both concentrate their service efforts around
interactive computer systems that provide near-realtime climate data and information, primarily for agricultural interests in the Corn Belt and Great Plains.
W e now amplify our descriptions of the three main
functional activities of the RCCs: services, applied
research, and database development and management.
a. Services
products)

(including

delivery

of

specialized

The centers form a new and useful part of the na-
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tional climate-services system, which includes the
data collection of N W S , and the quality control and
archival activities of N C D C , and federal, state, and
private efforts to disseminate climate data and information. Central to this service function is the fact that
each RCC has climatological expertise—they offer
guidance concerning the climate data, information,
and applied research pertaining to their region. All
centers, for example, have provided the funding and
instruction to their state cooperators (usually
state climatologists) needed to establish N O A A ' s
climate computing (CLICOM) data-management system (NCDC 1988; W M O 1986) nationwide. Each state
in each region now has a C L I C O M system and an
expert trained to utilize it. This has produced a nationally uniform means for timely data exchange and
analysis.
All centers maintain and provide historical datasets
classed as "special" to their region and are not part
of the national archives at N C D C . Some of these sets
have emanated from special non-NWS (including state)
networks operated in a region, while others contain
standard N O A A observations that have been subjected to special processing or quality control (e.g.,
all missing values estimated).

All centers perform user education and public extension services. These often involve liaison with the
cooperative extension services and other educational
entities in the region, and the preparation and dissemination of publications relating to databases and
the results of applied-climate studies (e.g., The Tripod,
issued quarterly by the H P R C C ; the Southeastern Climate Review, also issued quarterly by the SRCC; and
a research report series of the MCC).
A service function currently performed at several
centers (HPRCC, N R C C , and MCC) relates to the development and operation of near-real-time delivery
systems for climate data and information. The systems involve the daily acquisition of data from the
region, limited quality control, the generation of climate information (i.e., comparisons of current and
past conditions, and evaluations of agricultural indices, etc.), and the dissemination of data and information in various formats to users in the region and
beyond. Product updating is done frequently, usually
daily, with various interpretations made for a wide
variety of climate conditions. Experience with earlier
state-scale delivery systems (e.g., Changnon et al.
1987) strongly suggested that the above functions are
most appropriately performed by governmental or
university-related institutions—the climate data provided to private and public-sector users must be
verified and unbiased (i.e., "official"). Those users
will be expected to pay for certain data and information services provided by regional centers. (Further
information on one of these systems is given in
section 7.)

A few examples of products provided illustrate the
user focus of the centers. O n e center uses operational
crop-yield models (corn and soybeans) to allow user
assessment of potential yields for each crop district
at any time during the growing season. The effects of
the weather up to a given date in the growing season
are input to the model, and the user is then provided
with a probability distribution of yield outcomes based
on 40 years of historical weather conditions from that
given date until harvest. The historical snowfall conditions in ski regions are used to provide probability
distribution of depths per date for many locales to aid
tourists and tourist industries. Another center provides the Great Lakes basin with all available streamflow, lake level, and climate information (updated
daily) from both the United States and Canada for use
by federal and state water-resource managers. Another center has developed a special data-quality-assessment effort with state climatologists in its region,
and the product (better quality climate data) is provided to natural resource-management agencies.
b. Applied

climate

studies

The climate conditions of interest to society typically
assume regional dimensions. Since the RCCs have
been established to serve major climate zones of the
United States, they are excellent focal points for identifying, conducting, and enhancing studies of key climate conditions in their regions. O n e important
attribute of the centers is their ability to focus quickly
and expertly on phenomena that have major economic and environmental effects. Recent examples
include the study of climate fluctuations and the recent record-high levels of the Great Lakes (Changnon, 1987), and the climatic aspects and impacts of
the 1988-89 drought (Changnon 1989a and b; Kunkel
and Angel 1989). The applied regional climate studies are also seen as essential for enhancing the service
functions of the centers. Each regional center thus
serves as a source of information about a) anomalous
climate events in the region and b) ongoing climateimpact studies. This is accomplished through timely
monitoring of conditions and regional research.
W h e r e possible, the RCCs also encourage and/or
coordinate regional-climate studies. To this end, they
have organized and conducted regional meetings relating to climate impacts such as the First United StatesCanada Symposium on "Impacts of Climate Change
on the Great Lakes Basin," hosted by the Midwestern
Climate Center in Oak Brook (Illinois) during September 1988 (U.S. National Climate Program Office/Canadian Climate Centre 1989). The Southeast Regional
Climate Center organized a regional symposium on
"Global Change; A Southern Perspective" in February 1989, as an effort to identify and coordinate regional cooperation in atmospheric, oceanic, and
terrestrial research.
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c. Data acquisition
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and

management

The third major function of the regional centers is the
acquisition, management, and dissemination (including exchange) of climate databases. As already noted,
the datasets involved are considered to be "specialized"—they have enhanced quality and/or are not
readily available at other national or regional centers.

Each center's primary data responsibility is the
maintenance of the basic climate network dataset for
its region. It is this function that defines the region
served by each center (see figure 1). These basic datasets are deeply rooted in N W S observations, particularly those from cooperative substations. However,
the sets differ from those available at N C D C because
of purposeful enhancements of data quality. For instance, the Western Regional Climate Center, in conjunction with N C D C and the state climatologists in
its region, is reviewing, enhancing, archiving, and
disseminating the cooperative substation network data
for western states on a routine basis. This activity is
assisting the operations of several federal agencies
(e.g., Forest Service, Soil Conservation Service, and
Bureau of Land Management) that have substantial
responsibilities in the West. A further example of the
development of specialized datasets is occurring at
the Midwestern Climate Center, where the vast ensemble of N W S cooperative substation data (daily
precipitation and maximum/minimum temperature)
is being distilled into compact, serially complete, gridlike subsets designed to address the region's applied
research and climate information needs. A preliminary example subset and its potential uses are described in Richman and Lamb (1985) and Richman
and Easterling (1987, 1988).
A further important aspect of the data acquisition
and management by the regional centers is the need
for spatial overlap between some centers, as shown
by the hatched areas in figure 1. For example, the
automatic weather station network that serves the soilmoisture monitoring/irrigation scheduling functions
of the High Plains Regional Climate Center (see below) has recently been extended into adjacent parts
of Iowa, although the Midwestern Climate Center
maintains the basic climate datasets for Iowa. Furthermore, where sufficient need/use similarity exists,
entire datasets are being replicated between regional
centers.
The regional centers are also acquiring and retaining observations made by non-NWS federal weather
networks that have operated or are operating within
their region. This will include the lightning data from
the evolving national networks of sensors. Another
type of specialized data in the regional center archives emanates from state agencies and/or the private sector. Many states and certain industries have
operated specialized climate networks, and some

currently maintain automatic weather station networks, to serve their special needs. The regional centers are obtaining copies of the more useful resulting
datasets for storage and access.

5. Management and coordination of
RCC activities
The RCCs coordinate their activities in various ways
to ensure that critical areas such as data management
and responses to anomalous climatic events such as
the 1988 drought, are as uniform as possible. Management oversight and coordination guidance have
been provided by the National Climate Program Office which has provided the majority of funds each
center receives through peer-reviewed annual grants.
Management and program guidance is also provided
to each center by advisory groups composed of representatives of weather-sensitive industry, federal
agencies, and state agencies, including state climatologists. Each RCC receives financial support from
its home institution and from each state in the region
that agrees to be a cooperating member. Several RCCs
enhance their funding by grants and contracts for services, data, and research projects from government
and private-sector sources.
If successful, RCCs represent institutions serving a
myriad of users with many important interfaces with
federal, state, and private institutions. To enhance
coordination and cooperation, the RCCs have an executive director who facilitates coordination of internal communications between the centers and their
federal counterparts, providing program guidance,
and arranging scientific studies and meetings. For example, staffs of the regional centers were asked in
June 1988 to react to the developing 1988 drought,
and centers began issuing drought assessments and
collecting data on the climatic aspects and impacts
of the drought. Papers about the drought were developed and presented at special sessions arranged
for the annual meetings of the American Association
for the Advancement of Science (1989), the American
Geophysical Union (winter 1988), and American Meteorological Society (1989). This resulted in 13 papers, later compiled into a single publication about
the drought (Changnon 1989b). Scientists at the RCCs
also presented a series of 16 papers about their research projects at the Sixth Conference on Applied
Climatology in March 1989, and these were assembled into a report (Changnon 1989c).
The executive director also arranges two annual
meetings of the leaders of the RCCs and the heads of
N C P O , the Climate Analysis Center (CAC), and the
National Climatic Data Center (NCDC) for the pur-
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pose of continuing planning and coordination. The
leaders of the RCCs and the federal centers have established two standing committees to address interregional issues including 1) the development of uniform
data-management approaches and climate-data-exchange systems (Technology Assessment Committee
1989) and 2) quality-control techniques and digitization of historical (pre-1948) daily climatic data for
the United States.

The RCCs have established close working relationships with state climatologist offices, NCDC, and CAC.
These interactions are defined by memoranda of understanding between the RCCs and each of these
groups. The RCCs have worked closely with the N C D C
in establishing the C L I C O M system nationwide (see
section 4a), defining similar data-pricing policies, and
exchanging publications. Interactions of the RCCs
with C A C have focused on exchange of near-realtime climate information; the RCCs provide C A C with
monthly assessments of climate impacts in their regions. The N C P O , RCCs, CAC, and N C P O have developed a draft plan for Nationwide Climate Services
and Applied Climatology, a plan that proposes how
they and other institutions could form a national program to enhance climate services at all levels, local
to national.

6. The future role of research
Previous sections have stressed that one of the fundamental challenges for RCCs is to enhance the provision of climate information to the nation's varied
economic, governmental, and social activities. It was
also noted that applied research, particularly in the
climate impacts area, was essential for elevating the
service capabilities of the centers, and that the necessary research progress had so far been slow. The
latter was attributed, at least partially, to the lack of
research teams having the required interdisciplinary
and regional orientations, and to the absence of traditional funding sources for the applied research involved. The purpose of sections 6 and 7 is to elaborate
further on the potential for focused, applied research
to enhance the services provided by the RCCs. W e
begin here on a conceptual level and culminate in
section 7 with a specific example.
There are at least two components to the task of
improving the nation's climate-information supply.
O n e relates to the "content of the information concerned, and the other to the technology of transferring that information. Our society's capability to
electronically transfer information is already impressive, and will surely continue to accelerate at even
lower costs. Its future contribution to enhancing the
nation's climate-information supply can therefore only
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be more and more positive. This means that the overall quality of that supply will become increasingly
dependent on the "content" of the information being
transferred. W i t h a few exceptions, one of which is
described below, this content currently tends to be
rather rudimentary. It is dominated by tabulations of
relatively raw data and evaluations of simple, derived
parameters.
W e believe that this situation can undergo sustained improvement only through a carefully structured two-step hierarchy of research and development
activities. The first such step is the identification of
the key weather and climate sensitivities of a region's
economic and related activities, and particularly their
nonlinearity and associated critical thresholds. In most
instances, our current knowledge of these sensitivities
is probably superficial; on the level, for example, that
midwestern corn yields are negatively/positively related to mid-to-late-July mean temperature/total rainfall. However, the scientific "tools" needed to sharpen
this sensitivity information are available. They include: (a) the automated weather-station networks already mentioned, that measure the most relevant
parameters with the fine temporal resolution needed;
(b) a range of detailed process models (e.g., physiologically based crop models, hydrological basin models
of various sizes, and farm-to-regional-scale economic
models) capable of translating weather and climate
anomalies into quantitative biological, environmental, and economic impacts; (c) many years of agronomic data from field trials conducted at land-grant
universities, that traditionally reflect the interannual
variability of both weather/climate and cultural practices, but in some cases now include the capability
to control rainfall (e.g., Changnon and Hollinger 1988);
and (d) the potential for "expert systems" analysis
techniques to contribute valuable information where
other approaches have not been sufficiently fruitful
(e.g., Lamb 1987, table 1 and related discussion).
The research needed to establish the aforementioned weather/climate sensitivities is clearly of an
interdisciplinary nature. It requires the expertise of
agronomists, hydrologists, economists, geographers,
and atmospheric scientists, in addition to other specialists. An example of the type of sensitivity that can
be identified appears in figure 2, taken from Hollinger
and Hoeft (1986). It quantifies the influence that climate fluctuations have on the response of east-central
Illinois corn yields to nitrogen fertilizer, which is clearly
a much less superficial corn-climate sensitivity than
the mid-to-late-July temperature/rainfall mentioned
previously. Note, too, that this work used several years
of agronomic field trial data (tool [c]) and that the key
weather/climate parameter involved (rainfall/evaporation ratio, R/E) is of a sufficiently derived nature to
require automated-weather-station data for evalua-
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tion (tool [a]). The fact that the complex climate influence investigated was found to be stronger for corn's
vegetative development stage (11 June-15 July; maximizing with R/E ~ 0.6) than its more notorious
reproductive stage (16-31 July) is a sufficiently
nonstandard result to underscore the potential for the
type of research advocated here. This influence was
nonexistent for the other two growing season periods
considered (16 May-10 June, 1 August-30 September).

The above corn-climate sensitivity analysis provides the basis for the generation of climate information, including climate-prediction design guidance,
relating to nitrogen fertilizer application and yield expectations (Sonka et al. 1987). It is this translation of
key weather/climate sensitivities into climate information products, constituting the second step in the
structured hierarchy of research and development
suggested earlier, that is necessary for the sustained
improvement of the nation's climate-information supply. This step will also require a broad interdisciplinary effort, with contributions being needed from the
computer sciences as well as the disciplines already
mentioned. It is likely, for example, that artificial intelligence (Al) can play a role in this process. O n a
more mundane level, an essential link in the translation of known climate sensitivities into climate-in-
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formation products will be access to high quality,
specialized datasets of the type being developed by
the RCCs. These datasets will yield region-wide information products with the common format required
by the private agricultural sector.

The RCCs are ideally placed to make a major contribution to the research and development effort advocated here. They are located in institutions with
long traditions of solid work in atmospheric, hydrological, and agricultural sciences, and where other
needed specialists are also close at hand. The latter
should facilitate the building of appropriate interdisciplinary teams, which can be meaningfully augmented from other institutions within a center's region.
For example, the M C C is currently capitalizing on
local expertise by sponsoring research at Indiana University (cloud cover) and the Universities of Wisconsin (drought impacts), Illinois (surface radiation), and
Missouri (integrated pest management) that will contribute to the development of regional climate information products for agriculture. In these ways, the
regional climate centers have the opportunity to generate and perform "cutting edge" research at the applied end of the climate continuum.

7. A prototype climateinformation system
The potential of the theme advanced in section 6 is
particularly well illustrated by the irrigation scheduling-information service provided by the HPRCC.
Irrigation is now widely used in the High Plains to
increase soil-water levels that would otherwise be
limited by deficient precipitation. Ideally, the frequency and amount of water applied can be scheduled to prevent over- or underwatering of the crop,
thus optimizing the economic returns to the producer
(e.g., Jensen 1969; Fischbach 1988). The single most
important variable in the irrigation decision is the soil
water available to the crop's root zone, which needs
to be maintained between an upper and lower limit.
The lower limit is the soil-water value; the crop will
experience reduced evapotranspiration (Dyer and
Baier 1979) and concomitant increased canopy temperatures and heightened stress beneath this value.
The upper limit is the field capacity of the soil; the
addition of water above this value results in drainage
or runoff. These values are strictly a function of soil
type.

FIG. 2. Plots of quadratic regression coefficients a and (3 vs
precipitation/evaporation ratios for various growing season periods
for east-central Illinois. The coefficients related corn-yield response
to the level of nitrogen fertilization. Full details appear in Hollinger
and Hoeft (1985).

Soil water changes in response to precipitation, irrigation, evapotranspiration, and drainage (Hubbard
and Klocke 1986). An Automated Weather Data Network ( A W D N ) was initiated in Nebraska in 1981 and
subsequently expanded to surrounding states to mon-
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itor the variables necessary to estimate the important
(and elusive) evapotranspiration component of the
soil-water balance, and also to measure the precipitation (Hubbard et al. 1983). These variables (wind
speed and direction, solar radiation, air temperature
and humidity, soil temperature, and precipitation) are
currently measured on an hourly basis at 72 stations
whose spatial resolution is approximately 50 km in
Nebraska, and somewhat coarser in the surrounding
states (figure 3). The data are transmitted daily, beginning at approximately 0100 LST, to a microcomputer that acts as a node on the H P R C C s Local Area
Network (LAN). Quality control is then applied to
these data and they are subsequently used to update
the dial-up W E A T H E R (Weather Effects Analyzer for
Tracking Heat, Evapotranspiration, and Rainfall) system housed on a second LAN microcomputer. The
data and information available on W E A T H E R on a
station-by-station, state-, or region-wide basis include hourly and daily weather data, crop evapotranspiration estimates, summaries relating variables
to normal values, growing degree summaries, N W S
forecasts, agricultural advisories, and soil-water estimates.

the calculation of potential evapotranspiration using
the Penman (1948) method as calibrated by Kincaid
and Heerman (1974) for a High Plains site. The potential evapotranspiration is then multiplied by a crop

W E A T H E R has several evapotranspiration options
available to irrigation schedulers for a wide selection
of crops and emergence dates. They involve, first,
Table 1.

FIG. 3. Location of stations in the Automated Weather Data
Network ( A W D N ) operated by the H P R C C .

The informational product for evapotranspiration and phenological development derived from A W D N measurements at
Mitchell (Nebraska) as it appeared on the dial-up W E A T H E R system on 19 June 1989.

6/19/89
Mitchell, NE

Estimated crop water use (inches/day)
Latitude 41 degrees 51'
Longitude 103 degrees 41'
Elevation 1244 m

Emergence
Date
POTENTIAL (Penman)
CORN
CORN
DRY B E A N S
DRY B E A N S
SOYBEANS
S U G A R BEETS
POTATOES
ALFALFA
6/19/1989
Mitchell, NE

CORN
CORN
BEANS
BEANS
SOYBEANS
S U G A R BEETS
POTATOES
ALFALFA

Prior
3 Days

6/18

Next
3 Days

Next
Week

0.39
5/14
0.21
5/21
0.16
5/30
0.06
0.04
6/ 6
0.04
6/16
5/26
0.06
5/21
0.07
4/10
0.39
Growing degree day assessment

0.45
0.26
0.20
0.09
0.05
0.09
0.07
0.08
0.45

0.47
0.29
0.22
0.10
0.05
0.09
0.08
0.09
0.47

0.47*
0.31*
0.25*
0.13*
0.07*
0.09*
0.09*
0.10*
0.47*

0.45*
0.33*
0.27*
0.17*
0.10*
0.09*
0.11*
0.12*
0.45*

Emergence
Date

Actual

Accumulations

5/14
5/21
5/30
6/ 6
6/16
5/26
5/21
4/10

490
414
278
205
60
341
414
1116

* Projections based on persistence of recent weather.

Prior
Week

Average Daily Values for

Normal

Calendar
Days ( + or - )

482
409
302
208
53
351
409
1094

0
0
-1
0
0
0
0
0
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coefficient (which varies with the phenological growth
stage) to obtain water-use estimates for the given crop
(Hubbard and Klocke 1986). These are valid for wellwatered crops, which assumes that proper irrigation
practices have been followed. The crop water-use
estimates that appeared on W E A T H E R for 19 June
1989, are presented in table 1. It should also be noted
that the more educated users of W E A T H E R can retrieve the basic weather measurements from that
system and perform their own evapotranspiration calculations.
This irrigation scheduling-information service thus
uses both (a) highly contemporary electronic methods
of micrometeorological measurement, and data and
information transfer; and (b) some key products of 40
years of evapotranspiration research that have been
successfully applied to the High Plains agricultural
environment. Calculations of the benefits accruing
from the reduced irrigation expense, vs the costs of
operating the A W D N , suggest ratios between 300:1
and 1500:1 depending on the type of season (wet or
dry) and the corresponding number of irrigations saved
(Hubbard and Klocke 1986). Irrigation scheduling also
has important longer-term benefits, such as the conservation of ground water and the reduced potential
for ground- and surface-water contamination due to
decreased drainage and runoff.
The above prototype climate-information system
provides a clear indication of the potential for RCCs
to improve the nation's climate-information supply
and simultaneously stimulate needed applied research in the climate impacts area. Other RCCs are
accordingly developing climate-information systems
tailored to the needs of their particular regions.
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